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Purpose: To investigate the reasons for endoleaks after transluminal infrarenal abdominal aneurysm management and 
the potential for transluminal interventions in subsequent management. 
Methods: Prospective analysis of 50 consecutive patients undergoing endovascular neurysm repair at a single institution 
with Stentor ® and Vanguard ® grafts from March 1995 to March 1997. 
Setting: Academic teaching hospital 
Results: Two procedures were converted for other reasons than leak. In the remaining 48 successful procedures endoleaks 
were detected in 11 (22.9%): proximal aortic leak (2.1%), distal aortic leak (8.3%), iliac leak (12.5%). Leaks were treated 
at the initial procedure in five patients, resulting in 87.5% excluded aneurysms. Twelve and a half per cent were 
discharged with a primary leak. Redo was performed on all iliac leaks within 7 weeks. All aortic leaks howed spontaneous 
thrombosis within 3 months, but reappeared with local aneurysm expansion. Aortic redo-procedures were performed by 
proximal tubular extension or converting a tube graft into a bifurcation graft. All rescue procedures were successful. 
Secondary leaks have been observed twice in this series, both treated by endovascular means. 
Conclusions: Endovascular treatment of primary and secondary endoleaks i  possible, and may be a safe alternative to 
a difficult open procedure. 
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Introduction 
Endovascular aneurysm management is performed 
with increasing enthusiasm. Although the suitability 
of the procedure is limited by several factors such as 
patient anatomy, 1 equipment availability, access to 
endovascular grafts, training of surgeons and inter- 
ventional radiologists, 2 as well as economic con- 
siderations 3 the number of centres performing these 
procedures is increasing. 4 As any new procedure, 
endovascular aneurysm management will produce 
specific complications related to the procedure. In- 
complete "sealing" of the endograft leaving the an- 
eurysm sac at systemic pressure seems to be one of 
the most significant problems of endografting. 5-8 There 
are several possible sites of the leaks, depending on 
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aneurysm orphology and the type of endograff used. 
The incidence of leaks reported differs between 11% 
and 51°/o. 5~'9'1° 
The purpose of this study was to evaluate the fre- 
quency of endoleaks in a consecutive series of patients 
undergoing endovascular AAA management within a 
single centre at a university teaching hospital and to 
evaluate the safety and efficacy of subsequent en- 
dovascular management of these lesions. 
Methods 
Evaluation of a consecutive series of patients under- 
going endovascular management of an abdominal aor- 
tic aneurysm from March 1995 to March 1997, using 
one type of modular stented endovascular g aft (Sten- 
tor ®, Mintec, Freeport, Bahamas and Vanguard ®, Bos- 
ton Scientific, Galway, Ireland) was performed. Our 
technique of graft implantation and its assembly has 
been previously described in detail in a large multi- 
centre study. 9
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Data collection and follow up protocol 
Data were collected in a prospective manner. All 
patients in the endovascular aneurysm management 
registry from the very beginning are numbered in 
consecutive order, so the numbers given in the text or 
in the figure refer to the respective patient. Patients 
were subjected to a strict follow up protocol requiring 
contrast spiral CT scan and laboratory testing at 3, 6 
and 12 months postoperatively and yearly thereafter. 
Colour duplex and i.v. DSA were obtained in most 
instances at the same time intervals. Additional in- 
vestigations were obtained whenever felt indicated 
during follow up (e.g. to follow leaks more closely). 
Reporting standards 
Patients undergoing the endovascular approach con- 
sented to the experimental nature of the procedure, 
and the programme was conducted under the super- 
vision of the institutional ethics committee. The an- 
eurysms were classified according to both, the 
European and U.S. classification. TM The endovascular 
grafts were used and implanted according to the re- 
commended guidelines of the ad hoc Endovascular 
Graft Committee of the SVS/ [CVS.  12 
Patient selection 
Patient selection for endovascular procedures was 
based upon aneurysm morphology and patient's gen- 
eral health condition. Treatment was left to the treating 
surgeon's preference. In general, patients with an- 
eurysms easily suitable for an endovascular p ocedure 
were more likely to be chosen for the endovascular 
approach. Patients requiring additional procedures to 
accomplish the endovascular procedure were usually 
treated with open repair. In those patients endo- 
vascular epair was only performed if they were re- 
garded unfit for open repair. 
Operative procedures 
All procedures were performed by the same team of 
surgeons and interventionalists. Initially only patients 
fit for open surgery received endografts, but later in 
the series, patients unfit for surgery were treated. The 
procedure was carried out in a special operating room 
(OR) facility equipped with a ceiling mounted image 
Fig. 1. Diagrammatic view of possible leak locations within a 
modular stented graft, such as used in this series of patients. 
intensifier and a radiolucent OR table. Access site was 
a cutdown to the common femoral artery (n =46) or 
the external iliac artery (n =4). Intravenous heparin 
was administered liberally with a range of 80-110 
units/kg bodyweight. Redo procedures were either 
performed in the angiography suite under local an- 
aesthesia when an iliac graft was necessary, or similar 
to the initial procedure in the OR, when an aortic graft 
was implanted, to cover possible conversion to open 
repair at any time. 
Definition of endoleak 
Endoleak was defined as extragraft flow in the an- 
eurysm sac outside of the endovascular graft as pre- 
viously suggested by White et al. 8 Primary leak was 
defined as presence of an endoleak at the time of 
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Table 1. Patient and aneurysm characteristics in the 11 patients identified with a primary endoleak. 
Patient Age Sex Max Proximal neck Distal neck SVS/ICVS 
no. AAAO characteristics characteristics grading 
mm Length Diameter Length Diameter 
(ram) (ram) (mm) (mm) 
Eurostar 
grading 
Endo- Clearance 
graft for 
surgery 
1 2 75.7 M 56 50 24 30 22 I 
2 4 65.0 M 50 30 21 0 24 II 
3 5 76.7 M 45 17 26 0 25 II 
4 12 68.3 M 50 49 24 10 23 I 
5 13 71.3 M 60 30 23 12 22 I 
6 16 76.0 M 67 20 22 20 30 II 
7 20 73.2 M 45 18 24 0 45 IIb 
8 24 57.0 M 55 25 25 0 30 IIb 
9 27 76.0 M 51 62 25 0 33 IIb 
10 30 67.5 M 57 35 24 10 20 I 
11 35 73.6 M 57 40 25 25 30 Ilb 
A Tube Y 
B Bif Y Y 
B Bif Y Y 
A Tube Y 
A Tube Y 
B Bif Y Y 
D Bif Y N 
C Bif Y Y 
D Bif Y Y 
A Tube Y 
C Bif Y N 
Patients 70.9 53.9 34.2 23.9 9.7 27,6 
with leak 
All patients 72.0 54.5 31.1 23.3 12.7 28.7 
*See reference Ahn et aI. 11 
**See reference Harris et al. 4 
intraoperative completion angiogram or at the post- 
operative evaluation before discharge by means of 
spiral CT. Secondary leaks were considered when leaks 
were appearing de novo within the fol low-up period 
either after a successful procedure with no leak or 
after a procedure with a successfully managed pr imary 
leak - -  but at a different site. In this series only one 
single type of modular stented graft was used either 
in a tubular (n = 15) or bifurcated configuration (n = 
35), which has to be assembled within the aneurysm 
sac. Leaks are possible at the proximal or distal at- 
tachment sites, or at the junction of the grafts (Fig. 
1). However,  there have been observations regarding 
pr imary intragraft leaks possibly due to a tear within 
the graft, 9and secondary leaks probably related to late 
stent fracture. 
Imaging studies evaluation 
The preoperative valuation studies (spiral contrast 
CT, graded intra-arterial angiography), all intra- 
operative f luoroscopy data, postoperative completion 
studies (spiral contrast CT scan, i.v. DSA) and all 
fol low-up imaging studies (spiral contrast CT scans, 
DSA) within the fol low-up of these patients were re- 
evaluated for the purpose of this study. 
Results 
From March 1995 to March 1997, 50 patients under- 
went endovascular management  of an abdominal aor- 
tic aneurysms. The mean age of the 46 men and four 
women was 72 years (range: 54.6-79.6 years), and the 
average size of the aneurysm was 54.5 mm (range: 
42-79 mm). In two patients (pat #23 and #29) the 
endovascular procedure was converted to open sur- 
gery due to graft delivery problems not because of an 
endoleak. Therefore these patients were omitted from 
further calculations. 
Leak frequency 
Leaks were more common at the beginning of our 
experience. Excluding the three patients with the iliac 
leaks, where the leak was anticipated, and a specific 
procedure was performed, the frequency of pr imary 
leaks was 29.2% (seven out of 24) during the first half 
of this series (patient nos. 1-24). In the second half 
only one leak was observed (patient no. 30), the rate 
being 4.2%. The difference reached statistic significance 
at the 0.001 level (Student's t-test). The pr imary leaks 
detected in this series were at the proximal aortic 
attachment site in one (2.1%), at the distal aortic at- 
tachment site in four (8.3%), and within the iliac l imbs 
in six (12.5%). All secondary leaks detected (n=2, 
4.2%) were confined to the iliac l imbs only. 
Timing of leak detection 
Leak detection is shown in Table 2. In addition to the 
three cases in whom a leak was anticipated pre- 
operatively, leading to specific operative approach, 
four of the remaining leaks were detected by intra- 
operative angiograms, all others were identified on 
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Table 2. Leak detection and management in the 11 patients identified with a primary endoleak. 
n Location of leak Reason for leak Detection f leak Correction of endoleak Timing of 
correction 
1 Distal cuff aorta Length Intraoperative anglo Distal aortic overstenting Same procedure 
miscalculation 
2 Iliac limb Iliac kink Postoperative angio Percutaneous placement ofiliac extension graft 8 weeks p.o. 
3 Proximal neck Aortic graft Intraoperative angio Redo procedure: proximal aortic extension 7 months p.o. 
aorta deployment 
4 Distal cuff aorta Distal cuff Postoperative CT scan Redo procedure conversion i to Y graft 8 months p.o. 
configuration 
5 Distal cuff aorta Distal cuff Intraoperative anglo Redo procedure conversion i to Y graft 7 months p.o. 
configuration 
6 Iliac limb Aortic graft Postoperative CT scan Percutaneous placement ofiliac extension graft 6 weeks p.o. 
deployment 
7 Iliac limb Iliac artery Anticipated-preoperative Iliac artery banding Same procedure 
diameter angio 
8 Iliac limb Extension graft Intraoperative anglo Placement of additional extension graft Same procedure 
deployment 
9 Iliac limb Iliac artery Anticipated-preoperative Iliac artery banding Same procedure 
diameter anglo 
10 Distal cuff aorta Aortic graft Postoperative CT scan Redo procedure conversion i to Y graft 7 months p.o. 
placement 
11 Iliac limb Iliac artery Anticipated-preoperative Iliac artery banding Same procedure 
diameter anglo 
p.o.: postoperatively. 
postoperative imaging. Of those detected intra- 
operatively only two could be corrected intra- 
operatively. Secondary leaks were detected during 
routine follow-up. 
Reasons for leak 
The reasons leading to the development of a primary 
endoleak are shown in Table 2. Anatomic reasons for 
leaks, were identified in six instances, three of them 
were anticipated preoperatively. Graft misplacement, 
either of the main aortic graft or the extension graft 
was the reason for four endoleaks. In one patient at 
the very beginning of our experience the necessary 
graft length was underestimated therefore leading to 
a distal aortic leak. Leaks related to a failure of graft 
assembly were only observed in secondary cases in 
this series. 
Primary leaks 
The 11 patients presenting with a primary endoleak 
either intraoperatively or at the time of discharge are 
summarised in Table 1. These patients were com- 
parable to the overall group with regard to general 
and vascular risk factors as well as their aneurysm 
properties. Four patients (nos. 2, 12, 13, 30) had re- 
ceived a tubular graft, and seven patients (nos. 4, 5, 
16, 20, 24, 27, 35) a bifurcated graft. The location of 
the leak was the distal end of the graft in all except 
one case (no. 5). Absence of a leak was demonstrated 
in 73.4% (11/15) of the tube graft procedures and in 
78.9% (26/33) of the bifurcated grafts. In five instances 
the leak was treated during the same procedure (nos. 
2, 20, 24, 27, 35), leading to a discharge rate with a 
known leak in 12.5% (tubular graft: 20%, Y graft: 6.1%). 
Secondary leaks 
Two patients have been identified with secondary 
leaks so far in our series (nos. 3, 4). Both patients 
presented with leaks 2 years after initially uneventful 
graft placement. One patient (pat #4 had already been 
treated for an iliac leak. In both patients the trailing 
part of the main aortic graft and the iliac extension 
graft were disconnected. While one patient (no. 4) 
remained free of symptoms, the other presented with 
mild claudication. Both iliac extensions were patent 
and were reconnected to the main aortic graft body 
with short covered stents. Further follow-up of these 
patients at 3 and 4 months respectively post redo- 
intervention show no sign of further graft slippage. 
Aortic overstenting 
Aortic overstenting was performed in five patients 
(nos. 2, 5, 12, 13, 30). One patient was treated within 
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the same procedure (no. 2), all other patients were 
treated with a second procedure after 7 months (nos. 
5, 13, 30) or 8 months (no. 12). Four patients had 
initially a tube graft placed (nos. 2, 12, 13, 30), all 
presenting with distal leaks. Patient no. 5 presented 
with a proximal leak after a bifurcated graft. The 
leak was detected intraoperatively at the completion 
angiogram in two patients (nos. 2, 5) and was regarded 
major in patient no. 2, and minor in nos. 5. In the 
other patients the leak was not detected until the 
postoperative contrast CT scan (nos. 12, 13, 30). In the 
other three patients discharged with an aortic leak 
spontaneous sealing was observed at 3 months follow- 
up. Yet, after an additional follow-up of 3 months the 
leaks reappeared, and the aneurysms howed local 
expansion at the site of the leak (Figs 2 and 3). Redo 
surgery was felt indicated. Arterial access was gained 
through the site of initial access in all cases. A short 
tubular extension graft was placed proximally in the 
patient presenting with the proximal eak (Fig. 2), and 
the tubular grafts were converted to bifurcated grafts 
(nos. 12, 13, 30, Fig. 3). In no. 12 additional extension of 
one graft limb and coil embolisation of the hypogastric 
artery was performed. During an average follow-up 
period of 10.1 months no further leaks have been 
detected in those patients where the leak was sealed 
through a second procedure. Patient no. 2 has re- 
mained without leak after a follow-up of 26.4 months. 
Iliac leak overstenting 
Overstenting ofa leak within the common iliac arteries 
was performed in three instances (nos. 4, 16, 24). Leak 
correction was performed within the initial procedure 
in one patient (no. 24) and within a second in two 
(nos. 4, 16), 6 and 8 weeks after surgery. Initially, iliac 
leaks were regarded as of minor significance and, 
therefore, observed. Repeat colour-flow duplex stud- 
ies, however, showed no tendency of thrombosis, in- 
deed one patient developed a communication between 
a patent lumbar artery and the leak in the common 
iliac artery (no. 16). Transfemoral placement of a 
covered stent from the graft into the iliac artery alone 
(nos. 4, 24) and graft placement with additional and 
coil embolization of the lumbar artery in the other (no. 
16) was performed. During further follow-up of an 
average period of 12.6 months no further leaks were 
detected. 
Iliac artery banding 
Iliac artery banding was performed in three patients 
presenting with common iliac artery leaks (nos. 20, 
27, 35). In these patients the distal neck between the 
iliac artery and the origin of the hypogastric artery 
was too wide to ensure sealing of the graft, inevitably 
resulting in an iliac artery leak (Fig. 4). These patients 
underwent preoperative coil embolisation of one hy- 
pogastric artery to extend the graft on one side into 
the eternal iliac artery and the banding procedure of 
the contralateral common iliac artery in an attempt 
not to jeopardise the pelvic circulation by occluding 
the second hypogastric artery. The common iliac artery 
was exposed through a retroperitoneal pproach and 
two silk ligatures were placed over an inflated balloon 
catheter at the distal end of the covered stent (Fig. 4a). 
One patient (no. 35) deceased 1.4 months post- 
operatively due to cardiac decompensation. Post-mor- 
tem examination revealed a patent graft, but no leak. 
After an average of 11.1 months follow-up the two 
other reconstructions remained without leak. How- 
ever, in one patient (no. 27, Fig. 4c) an additional 
covered stent was placed from the graft across the 
hypogastric artery into the external iliac artery at 3 
months postoperatively, as it was felt that the saccular 
common iliac artery would be a source of potential 
emboli to the leg. 
Discussion 
A small consecutive clinical series of abdominal in- 
frarenal aortic aneurysms from a single centre is pre- 
sented. All patients were treated uniformly with the 
same type of modular stented graft and followed up 
to 2 years with regard to the detection of endoleaks 
as well as their management with the intention of 
avoiding conversion to an open, conventional, surgical 
procedure. The issue is particularly important, because 
various treatment modalities ranging from observation 
to immediate conversion to open surgery, including 
transluminal interventions are reported. 5-7'9'13 The op- 
tions are intensively debated. Experience with open 
surgery following endografting of abdominal aortic 
aneurysms is limited. Although it is concluded that 
open surgical rescue is feasible, it is generally agreed 
upon that the procedures are extremely difficult and 
outcome might be less favourable. 14Our own ex- 
perience with conversion procedures i limited to two 
patients, but we agree with this observation. 1° 
Following deployment of an endovascular graft an 
endoleak seems to pose a significant problem in all 
concurrent series dealing with endovascular g aft tech- 
nology. The reported incidence varies, but seems to 
occur on average in 25% of cases. 5'9'1° 
Leaks were detected in 22.9% of the patients either 
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(a) (b) 
(c) 
Fig. 2. (a) Proximal aortic leak treatment. A short tube graft is placed through the previous endograft. (b) Angiogram showing a proximal 
leak after endovascular AAA repair (patient no. 5). (c) Angiogram performed after correction by proximal extension grafting (no. 5). 
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(a) (b) 
(c) 
Fig. 3. (a) Distal aortic leak treatment after tube graft. A bifurcated graft is placed inside the previously placed endograft. (b) Angiogram 
showing a distal eak after endovascular AAA repair (patient no. 13). (c) Angiogram performed after conversion from a tubular graft to 
Y graft (no. 13). 
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(b) 
(c) 
Fig. 4. (a) Technique of intraoperative banding. A balloon catheter is placed within the distal end of the stent and fully inflated. The 
artery is then twice ligated over the balloon with non-absorbable sutures (2.0. silk). (b) Preoperative angiogram clearly depicting the large 
diameter iliac arteries bilaterally (patient no.27). (c) Follow-up angiogram showing the excluded aneurysm and the remaining bulge of 
the distal common iliac artery, but unobstructed hypogastric perfusion on the right side. The graft is extended into the left external i iac 
artery (no. 27). 
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during the procedure or at the final study prior to 
discharge following uncomplicated graft deployment. 
Five leaks were treated within the same procedure, 
resulting in successful exclusion of the AAA in 85% 
of cases (12.5% primary leak rate at discharge). 
At the very beginning of the stent graft experience 
it was thought that distal graft fixation may be un- 
necessary at all. 15 Distal leaks were noted in all of 
these cases and even aneurysm rupture was reported. ~6 
Distal fixation of a tubular endograft within the aorta 
seems difficult to achieve, because of the elliptic cross- 
section of the very distal aorta in the vicinity of the 
bifurcation (Fig. 3a). The larger the aneurysm, the less 
likely the presence of a distal cuff long enough for 
internal fixation. Many of the patients eligible for open 
tube graft replacement, will be suitable for bifurcated 
endografts only. Although the distal part of the aorta 
seems uitable on a CT scan as a distal attachment site 
for a tube endograft, sealing can be incomplete, as the 
aorta towards the bifurcation is usually calcified and 
the stent-grafts are not malleable nough to fit in the 
irregular shape of the aorta close to the bifurcation. 
There is therefore only a limited place for the tube 
graft - -  a conclusion drawn by the EVT phase I 
trial. 5 This led to the development of a preassembled 
bifurcated graft system to be unfolded within the 
thoracic aorta, which is then pulled into the infrarenal 
position.! 7 
Alternatively, tapered aorto-monoiliac stent grafts 
have been suggested as a safe and probably simple 
and readily available method, but this requires a 
contralateral occlusion device. In addition, the arterial 
circulation into one limb has to be preserved by a 
suprapubic ross over bypass. ~8 In our experience a
modular stented graft is used, which has to be as- 
sembled within the aneurysm sac .  9'1° Although this 
approach allows anatomic reconstruction of the aortic 
bifurcation, it carries the potential disadvantage of an 
endoleak at the anastomosis of the body of the main 
graft with the contralateral extension (Fig. 1). The 
majority of leaks were confined to the beginning of 
our series, demonstrating a learning curve. 
Although we have the advantage of a high quality 
image intensifier system in the operating theatre, intra- 
operative detection of an endoleak is not always pos- 
sible. Cloudy contrast extravasation is commonly seen, 
due to the porous thin-walled graft, especially because 
high doses of heparin are usually administered prior 
to graft advancement and deployment. Small leaks 
can also be obscured by the spine and remain primarily 
undetected. 
All of the aortic leaks showed spontaneous sealing 
during the first 3 months of follow-up, but have re- 
turned at the 6 months' follow-up together with signs 
of aneurysm expansion. Artificial thrombosis of an 
aortic aneurysm employed as a less invasive treatment 
modality has shown the potential of rupture during 
follow-up, despite an apparently successful pro- 
cedure. 19 Reports in the literature indicate that rupture 
might occur following endovascular aneurysm treat- 
ment too .  2° Our data tends to support his observation. 
Iliac leaks showed no tendency towards thrombosis, 
and were treated with transfemoral i iac extension 
grafts, iliac leak overstenting was performed in the 
angiography suite under local anaesthesia in all in- 
stances. No special technical problems were en- 
countered in these procedures. The leaks remained 
sealed during further follow-up. 
In cases where both iliac arteries were aneurysmal 
(European classification; type D or  E,  4 ICVS/SVS-  
classification: type IIb aneurysms 11) iliac banding pro- 
cedures were employed. Patients receiving these pro- 
cedures were treated towards the end of our series. 
Two of these patients were considered unfit for open 
conventional aneurysm surgery. As both inter- 
ventionalists and surgeons became more familiar with 
the procedure, patient selection became more liberal 
in regard to iliac artery diameter. On one side the 
grafts were extended to the external iliac artery after 
embolizing the ipsilateral hypogastric artery. A leak 
at the access ide was to be anticipated inthese patients. 
The iliacs were approached through the retroperitoneal 
space, which was possible even when employing an- 
aesthesia. The approach seemed promising and in a 
case with borderline suitability of aneurysmal i iacs 
we would not consider this sufficient to deny a patient 
endovascular neurysm surgery. 
Aortic leaks were treated with overstenting, ex- 
tending the graft proximally or converting a tube graft 
into a bifurcated Y graft. The open access ite was the 
same as in the initial procedure. The only difficulties 
related to orientation on fluoroscopy. After de- 
ployment of two stent-grafts fluoroscopy shows a 
maze of wire within the aorta and any manoeuvre to 
engage the contralateral limb of the graft becomes 
extremely difficult. In our experience cross-over tech- 
niques are mandatory to engage the trailing part of 
the rescue stent safely. 
In two instances secondary leaks have been observed 
at 2 years' follow-up and these lesions have been 
corrected successfully by percutaneous intervention, 
but the series are too small and the follow-up probably 
too limited. 
Distal leaks are not of great concern because a variety 
of technical treatment options is at hand. Proximal 
leaks require difficult, demanding procedures and 
need very short custom made rescue grafts. In the case 
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of a short proximal neck with the leak close to the 
origin of the renal arteries open repair may be the 
only option, unless there is enough space left to place 
a short rescue graft proximally, possibly covering the 
arteries with the bare stents of the graft. 2~ Distal slip- 
ping of the initially placed graft may be of advantage 
in these cases. These typically very short grafts may 
be only 3-5 crn in total length, and may be inserted 
either transfemorally or through an axillary approach. 
Conversion of an endovascular p ocedure into open 
vascular surgery is difficult and associated with a high 
morbidity and mortality.14 These operations are usually 
undertaken as a rescue after a misplaced graft or an 
acute occlusion of the aorta rather than for leak. 
Little experience is available on "late" conversion 
procedures after the graft has been in place for a long 
period of time. Although we are lacking experience in 
late conversion procedures, we felt that these pro- 
cedures might be more difficult than attempting an 
endovascular redo-procedure. 
Endovascular repair of "endoleaks" has been pos- 
sible in all our patients thus far and we are encouraged 
by these results. We therefore recommend endo- 
vascular edo interventions as the first choice to correct 
an endoleak following endovascular AAA repair. 
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